Abstract
Introduction
This paper deals with the role of reciprocation in the formation of individuals' social networks. Our study focuses on the extent to which initiating a relation brings about its reciprocation, that is, whether for example me saying "I like you" induces you to like me. We therefore investigate how far one's efforts and willingness to initiate relations with others can help grow one's social network along with how attractive one is as a partner.
For that purpose, we chose to study bloggers' choices of which other blogs to subscribe to. Bloggers are emerging as significant players in the media market. They disseminate content from mainstream media and also serve as references for many newspapers and television stations. Blogging also has a social networking aspect, similar to that of Facebook and Google+. Blogging is therefore best seen as a special form of social networking where actors share knowledge along with forming and sustaining social links with others (Lussier et al., 2010) .
We use data collected from LiveJournal, a site where Internet users can keep a blog, and follow the activity of a panel of bloggers over more than a year. We measure how many of a blogger's new subscribers are gained through reciprocation (they read me because I read them), vs. how many are gained through other activities, such as posting blog entries, making comments, joining communities, etc... We estimate an original economic model adapted from Glaeser et al. (2002) to include the mechanisms of reciprocation into the dynamics of the building of social capital over time. In this context, a blogger's social capital is measured by how many people subscribe his feed. 1 We take account of how bloggers build their social networks not only by providing attractive content which other bloggers will want to keep on reading over time, but also by interacting with other bloggers. Bloggers seek out other bloggers by adding them to their friends list, or "blogroll" 2 , and they also reciprocate the attention of those who added them to their own blogroll. Sought out bloggers reciprocate reading, and those whose readership is reciprocated keep on reading. Reciprocation thus contributes to the accumulation of an audience over time.
Our paper is one of the first to follow the activity of bloggers over time along with their audience and the first to take account of the activity consisting in seeking out relations with other bloggers. Our research contributes to a better understanding of social network formation by exploiting fine-grained data collected online. Our work provides and tests an original conceptual and analytical tool that encompasses the variety of uses of social media. Indeed, our model allows us to locate the different manifestations of social media along the range between social networking, which is affinity-based and where reciprocation is important, and news reporting, which is focused on collecting, producing and disseminating information and where reciprocation plays less of a role. If bloggers' networks are primarily based on affinity -people read those they feel close to -then reciprocation will be particularly important in maintaining one's network while effort exerted in blogging will have little influence on one's number of readers. Alternatively, if bloggers' networks are primarily based on less personal factors such as how interesting, informative or influential a blogger is, then readers will not require reciprocation while better and more frequent posting will translate into higher audiences. Whether reciprocation plays a role in the process of bloggers' network formation therefore depends on the type of activity that is being led there.
Our work also refines the understanding of how reciprocation contributes to the building of human relations by taking account not only of an individual's tendency to reciprocate readership but also of the willingness of others to do the same. Within this context, we compute dynamic multipliers in a multivariate regression model for the analysis of individual social capital. Those dynamic multipliers allow us to measure the long term impact of changes in a blogger's activity and in a blog characteristics (our exogenous variables) on that blogger's social capital (i.e. "readership", our endogenous variables).
Outline:
A first section explains why we chose blogging networks as our source of data. A second section presents and motivates a model of investment in social capital that takes account of the rules of reciprocation within social networks. A third section tests how well that model describes the relation between activity and network size for a panel of bloggers on LiveJournal whom we followed week by week over more than a year.
LinkedIn, Twitter, Wikipedia or Reddit, has made it possible to collect such data unobtrusively -that is, without the individual knowing their activity is being recorded -and cheaply -by using web-scraping software such as screen-scraper (ekiwi LLC, 2011) to extract information from websites.
We decided to focus on bloggers' networks because they have properties that make them particularly well suited for empirical analysis. First, all blogs are online (by definition) so that (almost) all relations between blogs, whether through their blogroll, comments by the bloggers or links to entries on other blogs, will leave a trace online. 3 In contrast, networking tools for professionals such as LinkedIn only reflect a part of those professionals' networks -limited to those individuals that also use the same tool, and to the small subset of their interactions that emerge online. Second, blogs and their interconnections form a relatively self-contained world with a fairly clear unity of purpose. Generalist social networking tools such as Facebook are more difficult to make sense of because they mix many different types of relations -friends, acquaintances, classmates, colleagues, family, celebrities, romantic interests, etc... Third, most of the activity that plays a role in establishing relations between bloggers, such as posting entries, making comments or joining communities, can be tracked. This is not the case for activity within Facebook or LinkedIn as those networks mainly serve to formalize relations that were established outside their settings so that activity within those networks usually plays little role in establishing relations between their users. Fourth, there is the option within blogging not to reciprocate readership by others, that is, there is a distinction between outlinks and inlinks. In comparison, social networking sites usually require reciprocation for a relation between users to be established, meaning that their network graph is undirected, thus making them more difficult to use when analyzing reciprocation processes.
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Given our choice to focus on blogging networks, we explain briefly what are blogs, who blogs and why they do so before going into the rules that most bloggers observe when blogging. This will be of use when motivating our modeling of their activity.
Blogs are websites that are updated regularly with content posted in units, called "posts" or "entries". The more recent entries appear at the top of the web page. Content posted usually consists of text, but can also include pictures, videos, speech or music, and frequently includes links to and commentary on other content on the web. Each blog post can typically be commented upon by readers in a space beneath the entry itself. Those comments may themselves be commented upon, leading to threads of discussion among the readers or with the author.
Of the variety of surveys that have been conducted to find out who the bloggers are, a few more reliable and recent surveys rely on random selection and direct contact with the bloggers (Technorati, 2009; Lenhart and Fox, 2006) and tend to agree that bloggers are better educated and more affluent than the average, and are majoritarily malesthough gender composition can vary greatly depending on the blog host or the type of blogs surveyed. Bloggers are still mainly concentrated in the US, though the Russian (Gorny, 2006) and Chinese (Yu, 2007) blogosphere develop fast and with little links to the English language blogging community.
Blogs may be classified along many dimensions -topic, popularity, type of content, language, etc... -but a particularly prevalent distinction is made between filter blogs (also: thematic blogs) and personal journals (also: diaries) (Wei, 2009) . Filter blogs focus on a specific topic, often within the professional expertise of the blogger, while personal journals mainly deal with events in the blogger's life and are used as a tool for self-expression. 5 The majority of blogs belong to the online diary genre (Herring et al., 2005b; Technorati, 2009 ) but the public focus has been mainly on thematic blogs and their influence on journalism and politics (Bar-Ilan, 2005; Lemann, 2006; McKenna and Pole, 2008) . Another way to categorizes blogs, along Shirky (2003) , is between A-list blogs whose authors attract so much attention that they cannot possibly reciprocate all of it, thus ending up as part of the mainstream media, and conversational blogs whose authors spend time cultivating their links with a few others.
67 Kumar et al. (2010) provide more detailed insights into the variety of blogs by looking at their network structure. They distinguish three types of blogger networks: singletons, which are isolated bloggers with no links to others, isolated communities with a star like structure centered on a single blogger, and giant components, centered on a core of well connected bloggers. 8 This type of structure is shown to be consistent with the existence of three types of bloggers: "passive" ones who only read others, "inviters" who are the core of star shaped networks made of those they invited, and "linkers" who both link to and read other blogs. The later are those that we would consider as full participants in blogging networks, and they are 5 The distinction is not always clear cut however, as authors of thematic blogs often mention events in their own life while diarists often share expertise on their own job, regularly speak about their hobbies or express their political views and their positions on contemporary social debates. 6 Rui and Whinston (2010) provide some conditions under which an even more extreme form of differentiation occurs, whereby some bloggers only post content and do not read others', while others only read blogs and do not produce any content. 7 The emergence of A-list blogs can be seen as the result of a rich-get-richer dynamic as in Barabási and Albert (1999) , or of a fitter-get-richer process as in Bianconi and Barabási (2001) . In that view, conversational blogs would then be said to be part of a "long tail" of less successful blogs (Anderson, 2004) . We reject that view however since the goals of those who maintain conversational blogs may not be the same as of those who maintain A-list blogs.
8 See also Herring et al. (2005a) for similar results.
5 the bloggers whose activity we mean to model. Motivations for blogging are varied: expressing one's self, documenting one's life, commenting on current events, participating in community forums, and searching for information (Huang et al., 2007) . According to a survey by Technorati (2009) , bloggers mean to "speak their mind" and "share their expertise and experience with other people", but also mean to "meet and connect with like minded people". They measure their blog's success first by the personal satisfaction they derive from it, followed by how many people read it, how many comment on it, link to it, or add it to their blog roll.
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Getting attention for their opinions and expertise, along with building relations with others, notably to share experiences and obtain social support, is therefore an important motivation for bloggers. They will therefore strive to post interesting content, be the first to cover a topic, differentiate from others' coverage of a topic, or cover original topics (Shen, 2009) . Empirical work confirms that getting attention motivates content production and that time spent maintaining a blog pays off in terms of audience size and feedback (Marlow, 2006) . Whether higher audience leads to more effort or vice-versa is not clear however, though, by using instrumental variables, Hofstetter et al. (2009) show that both directions of causality hold. Beyond blogging, the same general mechanics are at play whenever one can contribute freely to media content on the Internet. Huberman et al. (2009) , for example, identify the same effects as Hofstetter et al. (2009) among YouTube contributors. Zhang and Zhu (2011) show that Wikipedia contributors appear to respond to lower audiences by reducing their output. Contributors to user-generated content thus generally respond positively to attention and those who make more effort are rewarded with more attention.
Integrating reciprocation into a model of social capital formation
The next two sub-sections introduce two building blocks for the model that will be exposed in section 3.3. The first section underlines the strength of the rule of reciprocation within blogging networks. The second section argues that blogging networks can be considered at least in part as a repository of social capital. This motivates the third section where we integrates reciprocation processes into Glaeser et al. (2002) 's model of investment in social capital.
The rules of reciprocation within blogging networks
In the same way as any social behavior, blogging is very much of a rule driven activity. Bloggers follow a range of informal rules for making the selection of their own content, providing references to their sources, and relating to others (Schmidt, 2007; Marwick, 2008) . While there is no consensus on what specific rules are valid, and while bloggers may change the rules that hold on their blogs over time, most have some idea of what is acceptable behavior and what is not, on their blog or in the wider community of bloggers.
We focus in this paper on the specific rules that guide reciprocation within blogging networks. Reciprocation is one of the main drivers in network formation along with popularity (making friends with those who have many friends) and triadic closure (making friends with friends of friends) (Schaefer et al., 2010) . Reciprocated links appear very early in the formation of networks while other drivers such as triadic closure play a role only later (Doreian et al., 1996) . Not only is reciprocation very important in the emergence of relations but it also makes them more stable than unilateral ones (see Hallinan, 1978; Runger and Wasserman, 1979 , for data on primary school children). Experimental evidence also underline the role of reciprocation (Conte et al., 2009) , and relatedly of inequity aversion (Falk and Kosfeld, 2003) , in the dynamics of social network formation. Reciprocation processes draw their strength from the norm of reciprocity, which is "a universal structure of human morality" (Gintis et al., 2008; Henrich et al., 2001 ) and helps in the creation of stable social systems by providing a starting mechanism for relations in situations where there are no established rules for social interactions (Gouldner, 1960) . This norm of reciprocity translates very well online and has indeed been shown to be a crucial component in the maintenance of online social systems. (Chan and Li, 2009; Chun et al., 2008; Gu et al., 2009; Koenen and Reik, 2010; Lussier et al., 2010; Sadlon et al., 2008) .
Linking with other bloggers (alternatively, "blogrolling" or "friending") is a decision that bloggers take very seriously. One should not be fooled into thinking that signaling a relation between one's blog and another is insignificant because it is technically costless. Indeed, the blogging community can be rightly said to have emerged only once bloggers publicly added other bloggers to their blog roll (Ammann, 2011) . Linking is not only a matter of signaling a relation between two blogs however. Marlow (2006) reports that bloggers read more than 80% of the blogs in their blog roll in any given month, and over 60% in any given week. Furthermore, there is a depth of feeling attached to "friending" on LiveJournal (Marwick, 2008) , where adding a blogger to one's friend list not only means it will appear on one's reading list but also gives that blogger access to "friendsonly" entries (see LiveJournal, 2011a) . "Friending" rules on LiveJournal have therefore many similarities with the more general "rules of friendships" (Argyle and Henderson, 1984) .
Among different reasons guiding the choice of whom to "friend", a blogger might read people he likes or feels a connection to, people he enjoys reading, or, through the 7 norm of reciprocity, people who chose to read him (Raynes-Goldie and Fono, 2006) . The act of "friending" may be initiated through a comment on a post by another blogger, or a reference to a blogger in one's post. It may also occur without need for any prior contact, as a result of having seen the blogger referred to on another blog, seeing him post in a community one belongs to as well, 10 or of searching for bloggers with similar interests to one's own. Reactions to being referred to, commented upon or added vary, but generally involve at least some level of reciprocation: If a post of mine is being linked to and reviewed favorably, I may acknowledge this in some fashion by for example referring to the linker's blog in a later post. If I receive a comment on my blog, I may reply to it if appropriate, and could also leave a comment on the commenter's blog. Such interactions, repeated over time, may result in establishing a stable reading relation with the linker. Conversely, many bloggers do not add back a blogger who "friended" them without prior interactions.
The rules for "adding" and "adding back" a blogger to one's blogroll also depend on the context. A prestigious blogger (many readers, often linked to, well written) may "friend back" less easily. A recently established blog may have to "face the test of time" before being added back. A blogger may add back another only after a length of time, to make sure the adding was not a random fluke. Some bloggers may add back only people they know in real life, others may exclude just such people to preserve their privacy. Conversely, there are also rules for "dropping" other bloggers from one's blog roll: many bloggers systematically "drop" another if that other drops them first and it is often considered good manner to give some explanation for ceasing to follow another blogger.
Blogging networks as social capital
Models in the economic literature on social networks -networks where nodes choose with whom to form and maintain links -focus on discerning the equilibrium properties of networks under a variety of assumptions regarding the use that is made of them or the tendencies that are at play in the behavior of their members. For example, Galeotti and Goyal (2010) focuses on social networks as a tool for gathering and transmitting value, e.g information, among its members, while Jackson and Wolinsky (1996) consider the role of social networks as a tool for combining individual contributions to a productive effort. Other papers look into variations of those models where reciprocity plays a role in maintaining links between agents (Rivas, 2009; Jackson et al., 2011) , where individuals tend to link with agents that are similar to them (homophily) (Bramoullé and Rogers, 2010; Currarini et al., 2009) , or where agents tend to free-ride on the effort of others in the network (Bramoullé and Kranton, 2007) . Those models would be well-adapted for explaining the static properties of bloggers' social graphs, but are not fit for our purpose as our main interest is in identifying properties of the dynamics of social network formation. To understand the difference between a static and a dynamic analysis in our setting, consider a blogger who would add 100 bloggers to his reading list every period, see 10% reciprocate, and drop all those who did not reciprocate. This blogger would accumulate a balanced reading list over time and reach an equilibrium whereby all those he reads also read him. A static analysis would thus give very different results than a dynamic analysis like ours. To give an example, static analysis of social graphs on Twitter shows that relations are often not reciprocated there (Kwak et al., 2010, section 3.3) . Facebook relations on the other hand can appear only if they are reciprocal. Whether this translates when doing a dynamic analysis is not guaranteed since there might be many friending requests on Facebook that are rejected but are not captured when doing a static analysis -so the reciprocation ratio might actually be low there -and conversely, the low number of reciprocated relations on Twitter might be due to a high rate of depreciation in relationships -that is, it may be that Twitterers reciprocate all incoming requests but quickly drop those that provide lower quality content.
The social capital perspective, which is mainly popular in sociology and political science, proves to be more amenable to our purpose. That perspective exhibits very neat analogies with standard economic models of investment in physical and human capital (Glaeser et al., 2002) . In that perspective, social networks are an embodiment, a representation of social capital. Individual social capital is the product of maintaining relationships with others, which gives individuals access to social support and to opportunities for a number of activities such as going out, doing sport, getting a job or making business (Lin, 2001) . Individual social capital, social capital at the level of a node, can be measured in network theoretic terms: the number of degrees of that node, the density of its network, or how critical it is to the network as a whole (betweenness) (Borgatti et al., 1998) . Under this perspective, blogging networks are the result of social capital accumulation, in the sense that they are the result of past favors that have led to "friending" -for example making a positive reference to one's blog, giving advice in a comment, sharing relevant life experiences -, and a source of social capital, in the sense that mutually beneficial exchange of social support and information is expected to take place within one's network in the future. A number of papers, foremost among them Ellison et al. (2007) , establish the role of online social networks as tools to accumulate, make use of and retain social capital. Marlow (2006) is one of the few papers in that literature which focuses 9 specifically on blogging network. It finds that it is mainly "social" bloggers (diarists) that gain social capital through their online activity by maintaining personal contacts with their readers, while "professional" (thematic) bloggers, who entertain larger audiences, do not gain much in terms of social capital even though they invest more time in their blogs. The interaction between online social capital and activity is explored in Lento et al. (2006) and Ahn (2009) , which both take account of the feedback effect whereby activity in social networks builds up social capital online which itself in turn motivates further activity. However, those papers do not take account as we do of those activities that consist in seeking blogs to read and reciprocating the readership of others. As we will argue, taking account of those activities is important if one is to obtain correct estimates of the effect of different types of activities on the rate of social capital accumulation in blogging networks.
Integrating reciprocation into a model of investment in social capital
Having established the strength of the rule of reciprocation within blogging networks, as well as the role of blogging networks as a repository of social capital, we now adapt Glaeser et al. (2002) 's model of social capital formation to take account of the tendency to reciprocate offers of friendship (or link, or readership, as befits the context) and of the willingness of others to reciprocate one's offer of friendship. The model will allow us to take account of how the reciprocation process impacts how bloggers build readership. Two factors come into play: When a blogger adds another to his blogroll, then that other is likely to reciprocate (add back), while when a blogger is added by another, he is also likely to reciprocate. Readers will thus be gained from two sources, those bloggers that add me on their own and those bloggers who reciprocate because I added them. Estimates of the role of different facets of the activity of bloggers must take account of this later source of readership. Glaeser et al. (2002) present "a simple model of investment in social capital" that is "almost identical to the standard models of investment in physical and human capital". In this, it departs from the "bulk of the modern literature on social capital, which treats social capital as the characteristic of a community". An individual's social capital at time t, denoted R t for "number of Readers" as the number of readers is our proxy for social capital, evolves as a function of investment in social capital formation, denoted I t , and of last period's social capital R t−1 , which depreciates at a rate δ each period so the following equation obtains:
A model of investment in social capital
This equation is rewritten to represent the increase in social capital in period t, r t = R t − R t−1 as:
This expresses how two factors are at work in the evolution of social capital: investments in social capital formation and depreciation of existing social capital. Investment I t combines several aspects of one's activity: seeking out and adding "friends", publishing content in one's blog, making comments on others' blogs, joining communities and so on. Depreciation reflects the tendency of existing readers to drop the blogger out of their reading list, due to several factors, such as boredom, lack of attention received, conflict and disagreements with the blogger, and so on. Note however that having more readers may make it easier to obtain further readers, either because existing readers refer to one's blog in their own posts, or because having many readers is seen as a signal of quality and thus increase one's attractiveness. One may thus find δ to actually be negative, i.e. more readers beget more readers. We will attempt to correct for such potential network effects in some specifications of our econometric model.
Integrating reciprocation into the model
Denote the total number of readers gained in period t, r t = R t − R t−1 , with R t the number of readers at time t. This can be subdivided into r a t , the number of readers that added me in period t without me first adding them to my reading list, and r r t , those bloggers whom I first added to my reading list and who then reciprocated my readership. Thus, r t = r r t + r a t . In the same manner, denote the total number of "friends" (bloggers who are on a blogger's blog roll (reading list)) gained in period t, f t = F t − F t−1 , with F t the number of "friends" at time t. This can be divided into those "friends" I sought out on my own and added, f a t , and those "friends" who first sought me out (added me to their reading list) and whose readership I reciprocated, f r t . Thus,
Denote θ my likelihood to reciprocate the readership of those bloggers who add me as "friends". Then f r t = θr a t . The parameter θ is a function not only of the quality of the content provided by those bloggers, but also of my policy with respect to reciprocation. For example, I may add back anyone who adds me (in which case θ = 1), or I may be much more careful (see section 3.1). We will investigate whether this propensity to reciprocate depends on the blogging culture in which I evolve (Russian vs. Englishspeaking blogs) or on the stage in the blog's life.
Similarly, denote ρ the likelihood with which bloggers I add to my reading list reciprocate and add me back. Then r r t = ρf a t . This propensity may again be a function of the 11 blogging culture in which I evolve, or of the stage in the development and/or popularity of my blog.
The following system of two equations results from the above:
Solving to express r t as a function of f t and vice-versa, one obtains:
As evoked above, investment I t can be divided into A t (publishing content in one's blog, making comments on others' blogs, joining communities and so on) and f a t (the activity of seeking out and adding "friends"). Let us assume that f (·) is a linear function of A t and f a t such that f (I t ) = βA t + ρf a t .
11 Replacing f (I t ) with this expression in (3.2) and comparing with (3.4), one obtains that
so (3.5) can be rewritten as follows:
This can be further rewritten as
which is the specification that we will estimate econometrically. This equation explicitly takes into account my investment in seeking "friends", which through reciprocation increases my number of readers. A naive regression of r t on the elements in A t and on R t−1 , on the other hand, would lead to incorrect estimates of the influence of activity and depreciation on the evolution of one's readership.
In the same way as we wrote that r a t = βA t − δR t−1 , one can write f a t = γB t − λF t−1 . B t includes indicators for how active the blogger is in his search for new "friends", such as the number of communities joined per sampling period or the number of communities 11 More general specifications allowing for interactions between various aspects of activity were also tested for.
12 one participates in, as those put one in contact with more people. λ is the factor by which our stock variable, the number of existing "friends" F t−1 , depreciates each period as the blogger drops less interesting friends (for example). Note however that while friendships "depreciate" over time, friends put one in contact with their friends, thus potentially contributing to the increase in one's number of friends. One may thus find λ to actually be negative, i.e. more friends beget more friends. This being said, we can now rewrite (3.6) as follows:
which is the specification that we will estimate econometrically. Estimation of equations 3.9 and of 3.11 obtains estimates of θ and ρ, the reciprocation ratios. Knowing θ and ρ allows one to have correct estimates of β (resp. γ), which measure the number of readers (resp. friends) that are gained through activity other than simply adding "friends" (resp. readers). Similarly, one also obtains correct estimates of the depreciation rates in the number of friends and readers over time.
Data collection and dataset description
We followed the activity of a sample of bloggers on LiveJournal ("LJ"). LJ was created by Brad Fitzpatrick in 1999. The first users of LJ were US high school and college students. LJ's growth in the US slowed down in the second half of the noughties as its original users either left for Facebook for pure social networking, or for other blog hosts and tools that were better integrated into the more general blogosphere (WordPress, Blogger, Movable Type...). The site found a second breath in Russia, where LJ is the most popular blogging site and social media platform.
12 Reflecting this change, the company is now owned by SUP, an online media company based in Moscow. A blog on LJ ("a LJ") can be used in many ways, as a private journal, a blog, a discussion forum or a social network. This illustrates the flexibility and breadth of potential uses of a LJ: some users have accounts to post their diaries and choose to keep their content private or limit its access to a close circle of "friends", others make the whole of their journal public, link to content on others' blogs and comment on others' entries. Finally, some have an account on LJ mainly to be able to join and contribute to communities and discuss the content posted there.
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Our sample consists of a cross-section of more than two thousand LiveJournal users. The bloggers were originally selected randomly among those bloggers that had displayed some recent activity (within the last three days) on January 30, 2009. Their activity and audience was measured every six days (+ or -one day, and with some gaps, henceforth "period") from January 30, 2009 to March 30, 2010. Data collection was performed using Screenscraper (ekiwi LLC, 2011) under an academic license. In this paper, we limit ourselves to the analysis of the 1,347 bloggers with complete data on their number of readers over the 59 weeks of data collection and who showed some activity (either adding "friends", making comments or posting entries) in at least 90% of the periods. This therefore excludes 463 bloggers who showed activity in less than 10% of the sample periods. This also excludes 487 blogs that did not show their number of readers, either because they elected to show only readers whom they also read back (258) or because they chose to hide this statistic (229).
Over the collection periods, we gathered data on the number of "friends" (Friends), that is blogs read by a user on LJ, and number of "friend of" (Readers), that is blogs reading the user on LJ. We were not able to gather information about individual characteristics of the bloggers. However, we were able to collect information about the activity of the bloggers as well as on some of the characteristics of the blog (e.g. if it is a paid account). More precisely, in relation to a blogger's activity, we collected every period the number of entries written by the user (Entries), the number of comments made by the user either in communities or on entries in other blogs (Posted), the number of comments made by the blogger's readers on his entries (Received), the net number of communities joined or left by the user (if positive, this is our variable Communities joined, if negative, this is our variable Communities left), and the number of weeks since the blog's last update, i.e. since the last entry was made (Inactive). To control for different blog characteristics, we rely on: the date on which the account was set up to compute the age of the blog, in weeks, (Age blog), the range of an account's functionalities (Functionality), which depends on whether the account is Basic, Early, Sponsored, Plus, Paid, or Permanent, and the country where the blogger is located.
Table (1) contains our description of the variables used in the analysis:
13 Communities that are particularly popular include ohnotheydidnt (celebrity gossip), customers suck (rant community), adayinmylife (picture diaries, most posts visible to members only), saucydwellings or abandonedplaces (pictures) or bakebakebake (cooking). 
14

Friends
The number of blogs read at time t by the user.
Community joined
The number of communities joined by the user between time t − 1 and t.
Community left
The number of communities left by the user between time t − 1 and t.
Entries
The number of entries made by the user between between time t − 1 and t.
Posted
The number of comments posted by the user between between time t − 1 and t.
Received
The number of comments received by the user between between time t − 1 and t. 
Engagement
The number of comments received from the blogger's readers relative to the number of entries made by the user, i.e. how many comments each entry receives on average.
Inactive
The number of weeks since the blog's last update, i.e. since the last entry was made.
English
A dummy variable equal to 1 if the language of the blog is English, 0 otherwise.
Russian
A dummy variable equal to 1 if the language of the blog is Russian, 0 otherwise. From these descriptive statistics, it is already interesting to note that while the median number of friends and readers are equal, there is a greater variation in the numbers of one's readers.
The two main communities on LJ are Russian and English speaking blogs, which we define according to their location. Blogs from Australia, Canada, the UK and the US are classified as English-speaking ("English"), while blogs from Ukraine, Russia and Belarus are classified as Russian-speaking ("Russian"). Other countries of origin constitute the residual category "Other", while those bloggers who did not reveal their location are categorized as "Unknown". The averages in the descriptive statistics of the two main communities differ substantially (see Table 3 ): Tests for the mean (not reported) suggest that Russian blogs are larger (both in term of readers and friends), younger, and have less (and cheaper) functionalities. In terms of activity, Russian blogs are on average more active in terms of posting comments and entries, as well as in in joining communities and in eliciting engagement (i.e. comments per entries) from other bloggers, and they tend to stay inactive for shorter periods of time.
These differences can also be seen by further dividing the sample according to the age of the blog: young, mature and old. Table (4) shows the number of blogs in each language category and age-group, as well as their average number of readers and friends during the sample period: 
Young is a blog created no more than 125 weeks ago by the end of the sample period.
Mature is a blog created between 125 weeks and 400 weeks ago by the end of the sample period.
Old is a blog created more than 400 weeks ago by the end of the sample period.
* Average size over the sample period. ( ) Number of bloggers in the category.
As can be seen above, the sample is about equally divided overall between Russian (434) and English (473) language bloggers, but Russian blogs tend to have been more recently created, reflecting the later emergence of blogging in Russia, and also tend to have more readers than English blogs. Overall, older blogs tend to have more readers, a pattern which is repeated across both language communities.
The econometric model
Estimating equations (3.9) and (3.11) in order to get the reciprocity parameters is quite challenging. In fact, the main regressors of interest (i.e. the number of friends and readers) cannot be considered as being exogenous (or weakly exogenous), as they are jointly determined by the activity of the blogger. Since we cannot rely on any external instruments (e.g. there is no sources of exogenous variation in our sample of bloggers), we need to rely on "internal instruments" and blog-characteristics by applying the system generalized method of moments (GMM) procedure (Arellano and Bover, 1995; Blundell and Bond, 1998; Roodman, 2009a) . We acknowledge that there could be several issues 18 when using this technique, some of which have yet to be determined when the length of the panel (T) is large (Han and Phillips, 2010, p. 120) . However, in the following analysis, we try to take care of its main weaknesses as identified in the literature for the type of data at hand. First, we perform various tests in order to check the presence of unit roots in the data. These indeed highlight that for several bloggers, readers and friends present high persistence. 14 Second, since high-persistence causes a weak-instruments concern, we rely on various specifications of system-GMM (e.g variables in logs) and check the validity (with the Hansen tests) of our set of instruments (Bobba and Coviello, 2007) . Since some of these checks (i.e. Hansen test) may be vitiated by instrument proliferation and be inconsistent against some local alternatives (Newey, 1985) , we checked the validity of different subset of instruments (e.g. differences in the Hansen test). We also made sure to avoid instrument proliferation by limiting (see further below) the lag length of our instruments (Roodman, 2009b) . Finally, we check the robustness of our results across different subsamples. We consider the following dynamic specification to identify the reciprocity parameter ρ for readership, that is, the proportion of one's new "friends" who reciprocate readership:
Readers it = α r Readers i(t−1) +ρf it +β r1 Activity it +β r2 Blog Characteristics it +a i +µ t + it (5.1) where Readers it is the number of readers at time t and f it = log(F riends it ) − log(F riends i(t−1) ) is the variation in the total number of friends between time t − 1 and t as defined in equation (3.9) (in logs). We checked alternative specifications (available upon request) in which we consider Readers and Friends either in logs or in levels and results are largely consistent. We decided to present the results of this specification as it allows us to smooth (through log) the "Friends" data series and to include (ratio) indicators of activities. The variables in Activity it aim to capture the investment activity (A it ) of the blogger other than seeking out and adding "friends", and consist of the number of community joined (Community joined it ) or left (Community lef t it ) by the user, and the number of comments posted (P osted it ) and entries made by the user (Entries it ). In this group of variables, two indicators are also included in order to measure the extent of a blogger's interactions with his/her readers, namely Engagement it = Received it /Entries it and Extroversion it = P osted it /Received it . The former measures the number of comments the blogger received from his/her readers on each of his/her entries, whereas the latter compares the number of comments posted by the user to the number of comments received from the blogger's readers. The aim of the first indicator is to capture how interesting the blogger's entries are and/or how engaged the readers are (in so far as interesting entries attract more comments and engaged readers make more comments), while the second indicator signals how extroverted the blogger is (in so far as extroverted bloggers will post many comments on other bloggers entries or in communities rather than merely replying to comments received on their own entries). Finally, we also include in the regression a variable (Inactive it ) which captures how many weeks went by since a blogger's last post. The group of variables Blog Characteristics it include characteristics of the blog that may affect its activity and that are either fixed or slow-changing. Specifically this group includes a categorical variable related to the type of account (i.e F unctionality it ), dummies for the language of the blog (Russian, English, Other or Unknown) and a variable measuring the length of time since its creation (Age blog it ). Of the error components, µ t is a period-specific intercept, a i is an unobserved time-invariant blog-specific effect, and it reflects serially uncorrelated errors.
Similarly, we consider the following dynamic specification to identify the reciprocity parameter θ for friendship, that is the proportion of one's new readers whose readership one reciprocates:
F riends it = α f F riends i(t−1) +θr it +β f 1 Activity it +β f 2 Blog Characteristics it +a i +µ t +η it (5.2) where r it = log(Readers it ) − log(Readers i(t−1) ) is the variation in the total number of readers between time t − 1 and t as defined in equation (3.11) (in logs, under the same justification as above).
Table (5) and (6) report results for the estimation of the reciprocity coefficients for a range of estimators with known properties in dynamic panel data. Standard errors in parentheses * p < 0.10, ** p < 0.05, *** p < 0.01
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We are interested in consistent estimation of the parameters (θ, ρ). In particular, in the presence of individual-specific effects, OLS in levels is expected to give an upwardsbiased estimate of the coefficient on the lagged dependent variable, whereas the fixedeffects estimator is expected to give a downwards-biased estimate of this coefficient. These estimates in columns (1) and (2) provide a value for the reciprocity parameter ρ that is between 16.00 and 17.78, (that is, of 100 additional added friends, at least 16 will reciprocate the user's friendship), whereas the value for the reciprocity parameter θ is between 48.87 and 54.74 (that is, of 100 additional readers of one's blog, at least 49 will see their readership reciprocated by being added to the user's list of friends). Those values suggest that bloggers in our sample are more likely to reciprocate readership than they are to see their readership reciprocated. The reciprocity parameters ρ and θ ought to be the same in a closed network where all members are identical, but our bloggers differ in type (some may be passive, others may be centers of a network of friends), and our system is not closed, that is, users keep on joining or leaving LJ over our collection period. This might explain the discrepancy. Interesting to note is how low our reciprocation parameter appears to be compared to static analysis which indicated that 87% of relations were reciprocated on LiveJournal (Gaudeul and Peroni, 2010 ) (see page 9 for why static and dynamic analysis might obtain different results). Blundell and Bond (1998) showed that weak instruments could cause large finitesample biases when using the first-differenced GMM procedure to estimate autoregressive models for moderately persistent series. Their approach, which combines moment conditions based on the level equations together with the usual Arellano and Bover (1995) type conditions for the difference equations, yields consistent estimates even with persistent series. However, there are still open issues in regard to the limit distribution when T is large and the series contain unit roots (Han and Phillips, 2010) . Therefore, in columns (3) we focus on "System-GMM" estimation, which uses lagged first-differences as instruments for equations in levels in addition to the usual lagged levels as instruments for equations in first-differences. In particular, we use as set of instruments the lagged levels and differences dated t-2 up to t-4 of Readers and Friends, and dated t-1 up to t-3 of Activity. We additionally include in our set of instruments the characteristics of the blog such as the language and the type of functionality, and we further distinguish the instruments between the equations expressed in differences and in levels.
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Relying on these estimators we find reasonable parameter estimates. The estimated coefficient on the lagged dependent variable is not below the fixed-effect estimator, and above the OLS levels estimate for both α f and α r . The estimate for ρ (25.79) is closer to that of θ (43.03) when estimating with System-GMM. To check the validity of our instruments, we rely on the Hansen J-test statistics, which is not only a test of instrument validity but can also be viewed as a test of structural specification. Whenever important explanatory variable are left out, important components of variation are moved into the error terms making them correlated with the instruments. According to this statistics, instruments (lagged level and differences) dated t-2 up to t-4 are accepted for Readers and Friends, and dated t-1 up to t-3 for Activity. However, by being numerous, instruments can overfit instrumented variables, thus failing to wipe out the endogenous components and biasing coefficient estimates (Roodman, 2009b) . That is, the Hansen test may be vitiated by instrument proliferation, which is signaled by too high p-value of the statistics (sometime as high as implausible p-values of 1.000). We therefore carefully check the value of the statistics across different specification of the model. In our preferred specification, the test of common restrictions (see "Hans test of overid." line in tables) is passed in System-GMM results at the 10% level.
Closely related to the Hansen J-test for validity of the full instrument set is the difference-in-Hansen test, which allows to test the validity of a subset of instruments and to deal with the loss of power of the Hansen's statistics against local alternatives (Newey, 1985) , by computing the increase in J when the given subset of instruments is added to the estimation set-up. This difference test can also be weakened by a high instrument count. We check the robustness of our specification by testing different subset of instruments (diff level, diff Hansen 2, diff Hansen 3, diff Hansen 4 and diff Hansen 5). These tests suggest the validity of our specification at the 10% level.
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The parameters relating to the activity of the bloggers are also in line with expectations from the model, that is, activity contribute to increases in one's number of readers and friends. In particular, in the readers equation, the coefficient for the variable accounting for the number of comments posted (Posted) is positive and significant. Relatedly, the coefficient on extroversion is negative, suggesting that those bloggers who are too active compared with their readers in posting comments will not gain readers. Bloggers who simply make comments and do not receive many will thus not gain as many readers as those who both make and receive comments. The coefficient on the number of comments made by the readers per entries made by the user (Engagement) is positive, and can be interpreted as meaning that the more interesting or provocative the blogger's entries, the higher will be his number of readers. On the other hand, simply writing more entries will not gain readers. The number of comments posted has a similar impact in the "Friends" equation: The higher the number of comments posted, the higher the number of friends, possibly because bloggers who pay more attention to their friends also add more bloggers to their reading list. The degree of a blogger's extroversion turned out not be single significant in this equation.
Also in line with the expectations, we consistently observe across specifications a negative effect of the variable measuring how long the blogger has been inactive (Inactive): The longer a blogger has been inactive, the lower his number of friends and readers. This effect is significant in the "Friends" equation, probably because inactivity has a more direct effect on one's adding of new friends: Those who do not post entries are also likely not to be using their account at all, and thus not to add friends. The effect on one's number of readers is less direct, as readers will "drop" one only after a long period of inactivity. There is also some evidence that a blog's level of functionalities has an effect (although not significant in this specific GMM specification): the higher the level of functionality in the blog (which may also mean the account becomes more costly), the higher the numbers of readers and friends. This latter result may also mean that having a costly account captures a blogger's commitment to the activity of blogging, that is, bloggers who are more strongly invested in the activity of blogging will be readier to pay for their account, and will also have more readers and friends.
A possible concern with the estimated results for the reciprocity parameters is that they may be driven by the presence in our sample of country or blog-size effects. We investigate this issues by splitting the sample in different sub-groups. We report estimations for the subgroup of Russian blogs in column (1) of Tables (7) and (8), in columns (2) for big blogs (i.e. blogs with an average number of Readers above 150), in columns (3) for small and medium blogs (i.e. blogs with an average number of Readers equal or below 150), and we control for network effects in columns (4) by introducing the (lagged) square level of readers (or friends). Standard errors in parentheses * p < 0.10, ** p < 0.05, *** p < 0.01
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Overall, these results are consistent with the previous ones. A Wald test confirms that there is no significant difference in the reciprocity parameters between Russian and English blogs. This means that despite differences between Russian, more media-oriented blogs, vs. English, more social-networking-oriented blogs (at least on LiveJournal), those differences do not translate in higher or lower willingness to reciprocate readership. In terms of differences between bigger and smaller blogs (columns (2) and (3)), bigger blogs seem to be as successful in getting new friends to reciprocate readership (Table 7) , but are more likely to reciprocate the friendship of new readers (Table 8 ). This would seem to indicate that bigger blogs derive some of their readership not so much by being more successful when adding friends but by being readier to reciprocate the readership of others. With reference to our introductory quote, we could tentatively say, therefore, that more popular blogs are not so much "more loved" as "more loving". The discrepancy in the reciprocation ratios may also be interpreted in view of the greater variability in readership than in friendship among bigger blogs. Big blogs would not actively search for new friends to add but instead would rely on new readers finding them, whose readership they would then automatically reciprocate. Finally, looking at column (4) in both tables, blog readership seems to benefit from network effects (more readers begets more readers), while the number of friends does not seem to increase at a higher rate as the number of friends increases.
The social multipliers and the reflection effects
The presence of positive spillovers or strategic complementarities between individuals and their peers creates a "social multiplier", that is the individual's results will be amplified through social interactions with individuals in the "same-group" (Glaeser et al., 2003) . As in Glaeser et al. (2002) , an advantage of our analysis is that, by focusing on individuals, we can study how they make endogenous decisions about social capital accumulation instead of having to rely on aggregate group-outcomes. However, one still has to deal econometrically with the simultaneity problem, whereby an individual's actions are affected by behavior in his reference group (Manski, 1993) . It is possible to deal with this problem and to identify exogenous effects whenever the social network has a rich (non-linear) structure or there was a random assignment to peers' groups (Bramoullé and Fortin, 2010) .
In our setting, we do not have information about "groups". Since there is no limits in the number of friends that could be added to one's list, our main assumption is that every blogger in LJ is a potential peer for each other blogger. That is, we consider each blogger's peer group as being endogenous. However, to check the robustness of our results, we split our sample according to the language of the blog and obtained results that were consistent with aggregated results (see again Tables (7) and (8)). 28
Moreover, in contrast with many other studies, we have access to a set of variables that can proxy a blogger's mode of and extent of interactions with his peers, namely his joining of different groups (i.e. Community) and the level of interaction with his peers (i.e. Engagement and Extroversion). We can thus capture the different ways in which bloggers interact with each other without having to introduce arbitrary constraints on the size of his peer group. For example, we control how far a blogger's comments are determined by how many comments he receives, to what extent readers respond to his content, and how many new relations are determined by joining new communities of joint interest. Finally, our model is designed to take account of a major way in which we think others' actions affect mine, namely how far others adding me to their blog roll determines my adding them to mine.
Analysis of the long-term impact of changes in activity
Our approach allows us to fully assess the impacts of changes in a blogger's activity on their readership by taking into account the effect of friends' reciprocation. We compute in this section the dynamic multipliers based on the reduced-form parameters derived from the system-GMM specification in Column (3) of Table (5) and (6).
In particular, we compute two types of dynamic multipliers: interim multipliers and long-run multipliers. The interim multiplier gives the effects of a unit increase in an exogenous variable on an endogenous variable when this effect is sustained for a specific amount of time. A long-run multiplier gives the effect of a unit increase in an exogenous variable on an endogenous variable when sustained in the indefinite future.
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The results are reported in Table ( 9) for a selection of variables. Specifically, the table reports the effects of: a unit increase of the blog functionality (e.g. from a default, "Plus" account to a Paid account), an increase of one in the number of comments posted by the blogger per week, and a unit (in our case, a week) increase in how long the blogger last wrote an entry on his blog. αr − θρ ρ(α f − 1) θ(αr − 1) α f − θρ while Γ = (1 − θρ) −1 βr + ρβ f β f + θβr .
One then obtains long run effect Π = βr(1 − αr) −1 β f (1 − α f ) −1 . The short-term effect (time 0) of increasing one's level of activity or functionality on one's number of readers is a composite of a direct effect, how many readers one attracts with this change, and of an indirect effect, which is due to reciprocation by the additional friends resulting from this change in activity. The long-run effect, on the other hand, does not depend on the level of reciprocation, that is, the indirect effect becomes less and less important over time compared to the main effect (see note 17).
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The long run effect of functionality on the number of readers, holding constant the prior number of friends, is about 54 times larger than the multiplier at time 0. Going from the default type of account (Plus) to a Paid account, for example, increases one's number of reader by 52 in the long-term. Similarly, the long-run effect of increasing by one the number of comments on others' blogs on one's number of readers is about 54 times larger than the multiplier at time 0, whereas this values is only about 3 times larger if a bloggers increases by a week the interval between blog posts. The long-run effects on friends are much smaller, for the blog functionality and the number of comments, whereas they are much higher for the inactivity of the blogger. In this latter case, the long run effect of an additional week of inactivity is about 21 times larger than the multiplier at time zero.
Overall, the effects of social multipliers are slow in coming, that is, effects appear only if changes are sustained over long periods of time. The effects of varying the blog characteristics and the blogger's activity appear quite early when it comes to accumu-30 lating friends (blogs one reads), whereas the disproportionate effect on one's number of readers is apparent only later on. In particular, increasing the functionalities of one's blog, for example by paying for it, is initially associated with parallel increases in the number of readers and friends, but results in a stronger effect on readership in the long term. Similarly, making more comments will initially be associated with reading more blogs, but the main effect will be on one's audience in the long-term. Overall, those findings fit well with the observation that older blogs tend to have blog rolls that are much more unbalanced than younger ones, that is, they typically have many more readers than friends as can be seen in table 3 and elaborated on in Gaudeul and Peroni (2010) . Interesting is the effect of inactivity, which results mainly in not accumulating friends at the same rate as before while the effect on one's readership will be very limited in the long term. This underlines the high degree of inertia among readers, that is, one is not likely to lose subscribers merely because one does not update one's blog -indeed, there is no cost for readers in keeping a blogger on their reading list. Our analysis confirms that blogging is best thought of as a long term investment requiring sustained effort over long periods of time, whereby the flow of investment and benefits will not be evenly matched in time. As in many other human endeavors, patience and persistence are of the essence.
Conclusion
This paper combines an original data set -the first panel following the activity of bloggers over time, to our knowledge -with an original model -an adaptation of a standard capital investment model -to study the effect of reciprocation on the process of social network formation. Our model implies that both activity and reciprocation play a role in the formation of social capital so that studying one without data on the other leads to incorrect evaluation of their importance.
We applied that insight to our data and found that indeed, adding bloggers to one's reading list translated in a significant increase in one's audience, and conversely that being added by others was associated with an increase in the number of bloggers on one's reading list. We also found that a blogger's social capital (here, number of readers) was mainly affected by how much attention they devoted to other bloggers through comments posted on their blogs. Writing entries, which is often seen as the main activity of bloggers, impacted readership only to the extent that those entries attracted comments, while merely increasing the rate at which a blog was updated did not result in higher audiences. Finally, we showed that while increases in blogging activity were initially associated with commensurate increases in one's number of readers and the number of 31 blogs on one's reading list, they translated in large and disproportionate increases in terms of readership over the long-term.
Our analysis of reciprocation as a factor in the growth of social network provides a framework for a general understanding of social media and online social networking and could thus be extended from our analysis of blogging on LiveJournal to other social networks. We think that LiveJournal is merely a point on a continuum that spans from Twitter to Facebook in terms of how important content production (the "media" aspect) is compared to reciprocation (the "social networking" aspect). Only further empirical research using data from those networks could however confirm the value of our approach in determining how much is "social" and how much is "media" in social media.
